ABSTRACT The aim of this national, multicenter, cross-sectional study was to assess the prevalence of hepatitis B (HBV), hepatitis C (HCV), and human immunodeficiency viruses (HIV) among prisoners, and to identify related risk behaviors including injection drug use. Overall, 4,894 inmates from 20 prisons were enrolled. To have a comparison group, prison staff were also asked to take part. Altogether, 1,553 of the 4,894 inmates from seven prisons completed a questionnaire on risk behaviors. According to the survey, 1.5%, 4.9%, and 0.04% of the prisoners were tested positive for HBsAg, anti-HCV and anti-HIV, respectively. These prevalence data are among the lowest reported from prisons worldwide, although comparable to the Central European data. The prevalence of HBV, HCV, and HIV in the Hungarian prison staff was low (0.38%, 0.47%, and 0%, respectively). The rate of HCV infection was significantly higher among inmates who have ever injected drugs (22.5%) than among inmates who reported they had never injected drugs (1.1%). This first prevalence study of illegal drug injection-related viral infections among Hungarian prisoners points out that ever injecting drugs is the main reason for HCV infection among inmates. The opportunity to reach drug users infected with HCV for treatment underlines the importance of screening programs for blood-borne viruses in prisons.
INTRODUCTION
Throughout the world, hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) infections are considered a major healthcare problem. People carrying blood-borne hepatitis viruses are at risk of developing liver cirrhosis and liver cancer.
1,2 HBV, HCV, and HIV are transmitted most efficiently by percutaneous exposure to infectious blood. Since donated blood is tested for these viruses, high proportion of the new infections are associated with injecting drug use or other risk behaviors, such as tattooing, unprotected sexual contact (especially men having sex with men), piercing, and malpractice in the healthcare system. [3] [4] [5] [6] [7] estimated to be about 750,000-1 million (0.26%) in 2008. 8 This estimate must be regarded with caution as it is based upon data available from only 12 of the 27 EU Member States and Norway, with the exclusion of Estonia. The number of those who have ever injected drugs must be higher, 9 but data are not available for most of the countries. 8 We know very little about the number of the active injection drug users in Hungary. The number of active opiate users is estimated to be around 3,500 people (0.05% of the Hungarian population aged . 10 Estimated number of injection drug users is around 6,000 people (0.08% of the Hungarian population aged 18-64). 11 The prevalence of HIV among at-risk populations is low in most of the Central European countries. 11, 12 The anti-HCV prevalence was reported around 35% in the Czech Republic, 46% in Croatia, and 76% in Warsaw, Poland among injecting drug users (IDUs). [12] [13] [14] HBsAg prevalence was reported 0.8% in Croatia and 12% in Warsaw, Poland among IDUs. 12, 14 In Hungary, the seroprevalence of HCV in IDUs is high (22.6%), while seroprevalence of HIV (0%) and HBV(0.5%) is not higher than in the general population. 15 Among high-risk environments, prisons are well-known settings for the spread of blood-borne viruses. Those who use illicit drugs or engage in sex work are often incarcerated. In addition, during imprisonment, prisoners often engage in unprotected sex, syringe/needle sharing, or sharing of other paraphernalia (spoon, water) because of the limited access to condoms and injecting equipment, etc. 16, 17 Tattooing and scarification are also common. 18 Investigations carried out in correctional facilities around the world have shown a high prevalence of bloodborne hepatitis viruses and HIV. 16, [19] [20] [21] [22] [23] [24] [25] [26] Only few studies were found that assessed the prevalence of these infections in prisons of Central Europe. [27] [28] [29] Therefore, the aim of this study was to determine the prevalence of selected drug use-related viral infections among Hungarian inmates and prison staff, to examine related risk behaviors in order to identify the risk factors, and to offer the possibility of treatment according to national treatment protocols.
METHODS
A national, multicenter, cross-sectional study was conducted between June 2007 and June 2009 in 20 Hungarian prisons, which geographically covered the entire country. The target groups of the study received a short explanation on the purpose of the study before the enrollment. Participation was voluntary. Out of a total of 14,331 inmates in the prison system at that time, 4,894 (34.2%) participated in this study of whom 9.2% were women. The percentage of female inmates in the total prison population was 6.7%. In order to have a comparison group, prison staff was also asked to take part in the survey voluntarily. A total of 1,066 (13.4% of the total prison staff) staff members were enrolled, of whom 52.2% were women. The age of the participants (inmates and prison staff) ranged between 21 and 60 years.
Venous blood samples were collected from each participant and centrifuged, and sera were kept at −20°C until analysis. Commercially available enzyme-linked immunosorbent assay (ELISA) kits were used in accordance with the manufacturers' instructions. For the detection of HBsAg, Hepanostika HBsAg Ultra and Confirmatory tests (Biomerieux) were used. For the detection of antibodies to hepatitis C virus, HCV Ab (Dia.Pro) was used. Results were confirmed by HCV Ab or HCV Inno-LIA (Innogenetics). The presence of HCV RNA in the samples was determined by using a nested polymerase chain reaction (PCR) method. 30 Sera were screened for the presence of anti-HIV antibodies in addition to the HIV antigen p24 using the The questionnaire was developed, based upon the recommendations of the European Monitoring Centre for Drugs and Drug Addiction, 31 and it was recorded by using the self-administration technique. Each serological test result was linked to the participant's corresponding questionnaire by an anonymous unique identification code. Detailed analysis was carried out on hepatitis C and hepatitis B infections and related associations. Contingency tables to describe breakdowns and chi-square test or Fisher's exact test with corresponding p values were used to determine significant associations with HCV or HBV infections. The dependent variable was the laboratory confirmed HCV/HBV infection. In statistical analysis, a p value of G0.05 was considered significant.
RESULTS

Results of Serologic Assays and PCR
Two inmates of the 4,894 prisoners were HIV-1 positive (0.04%) and no HIV infection was detected among the staff. The difference between the prisoners and staff was not significant. A total of 72 and 241 of the 4,894 prisoners were HBsAg and HCV antibody positive, resulting in an overall seroprevalence of 1.5% and 4.9%, respectively; and 74% of the anti-HCV positive persons were carrying HCV detected by PCR. Among the staff, the seroprevalence of HBsAg and anti-HCV was 0.4% and 0.5%, respectively. The difference between the prisoners and staff was significant for HBV (p=0.005) and HCV (pG0.001). Prevalence of HCV and HBsAg was varied by prison. The highest anti-HCV prevalence was found in the capital, Budapest, 10.8% (N=777), and the lowest was 0% (N=170) in a prison in the eastern part of Hungary. The highest and lowest HBsAg prevalence were measured in prisons in the countryside, 2.5% (N=277) and 0% (N=58), respectively.
Results of the Analysis of Risk Behavior-Related Questionnaires
Altogether, 1,553 inmates completed a questionnaire on risk behaviors. The mean age of the subsample of the prison population was 35.5 years (SD=9.6; median, 34; range, 39), the mean period of current imprisonment were 2.7 years (SD=2.2; median, 2; range, 26) and 85.8% of them were male. Overall, 49.6% had received tattoos prior to imprisonment and 14.3% had their last tattoos done while in prison. Out of the 1,553 participants, 35.6% (N=553) reported using illicit drugs in some form at least once; and 37.8% (N=209) of this group of 553 reported injecting drugs at least once in their lives. Altogether, 44% of the IDUs injected within 1 month, 18.7% injected within 1 year, 28.3% injected more than 1 year before imprisonment, and 8.6% reported injecting drugs in prison for the last time.
In this subsample (N=1,553), no HIV cases were detected and 1.2% and 4.0% of the inmates tested positive for HBsAg and anti-HCV antibodies, respectively. In a univariate analysis, drug use, especially drug injecting but not non-injecting drug use, was significantly associated with testing positive for HCV. Unsafe sexual behavior, any tattooing, and tattooing during imprisonment did not show significant association with HCV infection. No association was found between the mean duration of present imprisonment and HCV infection. None of the aforementioned risk behaviors were associated significantly with HBV carrier state ( Table 1) . Univariate analysis among a subsample of those inmates that ever reported injecting drugs showed an association between HCV infection and ever syringe/needle sharing and injecting equipment sharing ( Table 2) .
DISCUSSION
This is the first large-scale study of selected drug use-related infections in Hungarian prisons. We have found that the prevalence of anti-HCV (4.9%), HBsAg (1.5%), and HIV (0.04%) is higher among prisoners compared to prison staff, although significant difference was found only for HCV and HBV. Only one study was found from Central Europe that assessed the prevalence of all three viruses in prisons. Nobody in this subsample was HIV positive IDU injection drug use ever *pG0.05, significant differences
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PREVALENCE AND CORRELATES OF HCV, HVB, AND HIV INFECTION
The authors found that 12.5%, 1.3%, and 0.16% of the adult prisoners were positive for HCV, HBsAg, and HIV, respectively. Other studies also described low number of HIV positive inmates in Slovakia and Poland. 28, 29 Our results show lower HCV and HIV prevalence among the Hungarian inmates than reported for Croatian inmates, 27 and are among the lowest prevalence data for HCV, HBsAg, and HIV ever reported from prisons in the world. [22] [23] [24] [25] [26] [27] [32] [33] [34] [35] [36] [37] [38] As a supplemental analysis to better understand the results, we compared the prevalence data of the prison staff to the general population (unpublished data) as well. The staff did not differ significantly from the general population after the data were adjusted to age regarding HIV, HCV, and HBV infections, which suggests low occupation-related virus transmission in Hungary. Few publications reported prevalence data of prison staff, but most of them described higher prevalence of HIV, HCV, and HBV among prison officers than among the general population, indicative of occupation-related virus transmission. 36, 39, 40 None of those who completed the questionnaire on risk behaviors tested positive for HIV in this study. Hungary as well as most of the Central European countries have a relatively low HIV prevalence. 11 In Hungary, since 1985, only 22 HIV infections were detected in ever-injecting drug users (with no yearly increase of the rate); only 5 of these cases had not been acquired abroad (Dudás M. personal communication). There are several HIV prevention projects (governmental and nongovernmental) and the prevention has been working well so far. Regarding hepatitis B virus carrier state and risk behaviors, we found higher prevalence data among prisoners who had any tattooing (and slightly higher among inmates who reported unprotected sex or ever-injection drug use), but none of them were statistically significant. However, the low HBsAg prevalence and the small sample size may have masked possible differences. HBV vaccination program started at the age of 14 in 1995 in Hungary. 41 Prevention of HBV infection through active immunization should be recommended for unvaccinated inmates.
Our results suggest that ever injecting drugs is the main reason for the elevated anti-HCV prevalence in Hungarian prisons, since HCV infection was the highest among prisoners, who had ever injected drugs (48 times higher compared to staff). Further, there was no significant difference between staff and inmates who had never used drugs; and staff and prisoners admitted non-injecting drug use ever. Although 13.5% of the prisoners self-admitted injection drug use ever, the rate of injecting drugs in prisons was low (estimated to be about 9% of ever IDUs) on the basis of the present study and other national surveys carried out recently. 15 We also found a lack of association between years of present imprisonment and HCV infection. These observations underline our suggestion that the entrants to prisons are already infected, similarly to other publications that reported high prevalence of bloodborne viruses even among entrants to prisons. 19, 42 It is not surprising that the highest HCV positivity was found among inmates in Budapest, since HCV infection rates in IDUs are four times higher in Budapest than outside of Budapest. 15 We also examined two drug injection-related risk behaviors, such as ever sharing syringes/needles or injecting equipment, and found that both were significantly associated with testing positive for HCV. Fortunately, injection drug use is not common in Hungarian prisons. However, prison could be a suitable setting for conducting education programs on drug-related issues, client-centered prevention counseling, and tailored discussion of risk behaviors.
Although we had a great number of participants, we must note the following limitations. Since drug use is illegal, it is possible that some drug users chose to hide their history of drug use despite the clear explanation before enrollment that answers would be anonymous. This possibility may cause an underestimation of the number of drug users and may influence the prevalence data of the infectious diseases. Questionnaire data collection started a year later and only in selected prisons. We did not find significant difference between the whole examined inmate population and the subsample regarding HCV prevalence, which suggests no important selection bias. Questionnaires were filled out by using the selfadministration technique which may result in incorrect answers by misunderstanding some questions.
After our screening, measures were initiated for the provision of care and treatment for the infected prisoners if their status met the criteria for antiviral therapy. Antiviral therapy was started in 60.1% of the HCV PCR-positive prisoners. As the analysis indicated, most of the HCV-infected inmates were IDUs. IDUs outside the prison system are not likely to undergo antiviral treatment due to various reasons (lack of necessary abstinence, lack of health insurance, lack of knowledge about the diseases, and other barriers). Abstinence from illicit drug use is mandatory to undergo treatment in Hungary. Prisons are closed settings, where IDUs are less likely to use drugs. Thus, prisons provide an effective environment to treat HCVinfected individuals. These persons could hardly be otherwise reached and referred to treatment to prevent the transmission of HCV to others. The current law in Hungary provides health care for those who are incarcerated; thus, there is no such obstacle to treatment as in certain other countries. 42, 43 Identification of undiagnosed infected persons and commencement of antiviral treatment should be part of the screening process when an inmate is admitted to a prison.
